Selected nutritional and physical properties of the two commonly cultivated Zambian market classes of Bambara groundnut (red and brown) were investigated to establish their end-user traits. Nutritional (essential amino acids, proximate and mineral compositions) and physical (hydration capacity, hydration index, swelling capacity, swelling index and 100 seed mass) properties were investigated using established standard methods. All the essential amino acids were present in both the red and brown Bambara groundnuts. The highest amount was recorded for leucine (9.7 g/100g protein) in the brown Bambara groundnut and least for methionine (1.2 g/100g protein) in the red market class. All the essential amino acids except methionine in the brown Bambara groundnut market class were above the recommended WHO/FAO provisional requirements for children (2 -5 years) and adults. The crude protein values ranged from 14.62-18.55 g/100g, total ash (4.21 -4.29 g/100g), crude fibre (2.79 -5.33 g/100g), fat (6.28 -6.54 g/100g), moisture (8.95 -9.13 g/100g) and carbohydrate (59.23 -60.34 g/100g). Potassium was found to be the most concentrated mineral in both market classes, followed by phosphorous, magnesium and calcium, while lead, mercury and arsenic were not detected. The swelling capacity, swelling index, hydration capacity, and hydration index of the two market classes of Bambara groundnuts were not significantly different, whereas their 100 seed mass was significantly different, with the brown recording the highest.
Introduction
Bambara groundnut (Vigna subterranean) is traditionally one of the most important food resources among peasant farmers in Zambia and other countries in the Sub-Sahara region. The crop has however not been embraced by the commercial farmer and its annual production levels are generally low. Inadequate supplies and high shortages of food in the world, particularly in developing countries necessitate the search for new sources (Mahala & Mohammed, 2010) . According to Mkandawire (2007) , most food requirements are provided by fewer than 20 crop species, and there remains a vast repository of many hundreds of underutilised species that have been grown locally for centuries. These have the potential to contribute to the food and nutritional security of the world's poorest people.
Previous studies on Bambara groundnuts have reported that the crop has several advantages over other species in terms of nutritional quality and can withstand adverse environmental conditions. The crop has a number of production advantages in that it can yield highly on poor soils with little rainfall, as well as produce substantial yields under better conditions (Mkandawire, 2007) . Linnemann (1990) described Bambara groundnut as nutritionally superior to other legumes and a preferred food crop for many local people. A study by Nyau, Prakash, Rodriques and Farrant (2017) further demonstrated that Bambara groundnuts exhibit enhanced nutraceutical profiles in cooked form. red and brown market classes of Bambara groundnuts commonly grown in Zambia. This baseline data is important as it could possibly facilitate utilization of this neglected crop as a food source. The nutrition related parameters studied included essential amino acids, mineral content, moisture, ash, crude protein, crude lipid, crude fibre and total carbohydrate compositions. Physical properties that were investigated included 100 seed mass, water hydration capacity, swelling capacity, hydration index, and swelling index respectively. These data are valuable when it comes to the utilization and exploitation of orphaned crops such as Bambara groundnut by breeders, food processors, nutritionists, farmers and policy makers. Water hydration capacity, swelling capacity, hydration index, and swelling index give valuable tips in grain processing as they are correlated with cooking time (Tazazu & Emire, 2010) . The 100 seed mass is also an important characteristic that is well correlated with grain yield and therefore useful in selection for yield (Fageria, Baligar, Moreira, & Aquino Portes, 2010) 
Materials and Methods

Sample Collection
The Bambara groundnut seed samples were sourced from farmers in the Eastern region of Zambia at harvest. The seeds were cleaned by winnowing to remove all external physical materials. Each market class of Bambara groundnut was collected in batches of 0.5 kg from 15 farmers to ensure that the samples were representative.
HPLC Amino Acid Analysis
Quantitative analysis of essential amino acids was performed on Waters 2707 Module HPLC system attached to a PDA using the procedure described by Dhillon et al. (2014) with slight modifications. After acid hydrolysis, the samples were derivatised with o-phthalaldehyde (OPA) and transferred to maximum recovery vials. The vials were heated for 10 min in a water bath at 55℃ before separation of amino acids using the HPLC. About 10 µL sample was injected into a cation-exchange resin column C18 (3.9 mm X 150 mm) using auto sampler (Waters 2707). The Waters AccQ Tag Eluent A Concentrate (WAT052890) was diluted to 10% in Milli-Q water and used as eluent A, and 60% acetonitrile as eluent B in a separation gradient with a flow rate of 1 mL/min. The separation gradient used was 0-2 min (100% A), and 2 min (98% A), 15 min (93% A), 19 min (90% A), 32 min (67% A), 38 min (0% A) and 56 min (100% A). The amino acids were detected using PDA at 254 nm with the column conditions set at 37 ℃. The amino acid peaks were acquired using Empower Pro software ® by Waters Corporation (2005-08) and were calculated based on amino acid standards. The concentrations of individual essential amino acids were obtained from linear regression equations of the standard curves and expressed as g/100 g crude protein.
Proximate Composition
The grounded Bambara seed samples were analysed for crude moisture, crude fat, crude protein, total ash and crude fiber using AOAC official methods of 934.01, 920.39 (A), 984 (A -D), 942.05 and 978.10 respectively (AOAC, 2006) . Total carbohydrate content was calculated by difference as described in equation 1:
Carbohydrate content (%) = 100 -[crude protein content (%) + crude fat content (%) + total ash (%) + crude fibre (%) + crude moisture content (%)] (1)
Mineral Analysis
The mineral content of Bambara groundnut was determined using three methods. The GBC Atomic Absorption Spectrophotometer was used to measure the contents of calcium and magnesium while potassium and sodium were assayed using a Corning 410 flame photometer (Sena et al., 1998) . Technicon Auto-analyzer methodology was used to measure the phosphorus content (Lockett, Calvet, & Grivetti, 2000) . The Perkin-Elmer 2001 Model Inductively Coupled Plasma Mass Spectrometry (ICP-MS) was used for assaying iron, zinc, copper, manganese, lead, selenium and arsenic. About 2 g of the grounded seed was used for each determination and the experiment was performed in triplicate.
Hydration, Swelling Capacity and Indices, and 100 Seed Mass
Hydration and swelling capacities were established following the method described by Bishnoi and Khetarpaul (1993) ; Tazazu and Emire (2010) . One hundred seeds were counted, their weight noted, followed by transferring them into a measuring cylinder to which 100 ml of water was added. The cylinder was left at room temperature for 24 hours with its open end covered with aluminium foil. After 24 hours, all the water was drained out from the cylinder content, and the filter paper was used to remove excess water from the seeds. Hydrated seeds were reweighed and their weight noted. Hydration capacity per seed was calculated by dividing the mass gained by the seeds after hydration, by the number of seeds, while the hydration index was computed as the ratio of average hydration capacity per seed and the mass of one seed. For swelling capacity, 100 seeds were counted, put in the measuring cylinder containing 100 ml of water and their initial volume noted. The seeds were then left to hydrate for 24 hours as described above. The volume of the soaked seeds was noted in the graduated cylinder after 24 hours. Swelling capacity per seed was calculated as the volume gained by the seeds divided by the number of the seeds, while the swelling index was computed as the ratio of the swelling capacity per seed to the volume of one seed. The 100 seed mass was determined by counting 100 seeds and noting their mass.
Statistical Analysis
Data were analysed using S-PLUS 6 Windows Professional 2001. The results were presented as mean values ± standard deviation. The two-sample t-test was used to compare the means for the various Bambara attributes investigated, and values at p < 0.05 were considered statistically significant.
Results and Discussion
Essential Amino Acid Composition
Essential amino acids composition (g/100 g crude protein) of the red and brown market classes of Bambara groundnuts are presented in Table 1 . Generally, all essential amino acids were present in both the red and brown Bambara groundnuts. The highest amount was recorded for leucine (9.7 g/100g protein) in the brown Bambara groundnut and least for methionine (1.2 g/100g protein) in the red market class. The total essential amino acids were found to be 55 and 57 g/100g protein for the brown and red Bambara groundnuts, respectively. These values are above the total amino acid content (46 g/100g protein) reported by Abdualrahman, Ali, Elkhalifa, and Ma (2015) for Sudanese Bambara groundnut. All the essential amino acids, except methionine in the brown Bambara groundnut market class, were above the recommended WHO/FAO, (2007) essential amino acid requirement for children (2 -5 years) and adults (Table 1 ). This observation suggests that only methionine would require supplementation in the Bambara groundnut based diet. Leucine was found to be the most concentrated essential amino acid in both market classes and this has been reported previously for Bambara groundnuts by Aremu, Olaleke, Akintayo and Emmanuel (2006) . Methionine was found to be the least concentrated essential amino acid in both market classes as reported previously by Aremu, Olaleke, Akintayo and Emmanuel (2006) . The presence of all essential amino acids in both the brown and red market classes of Bambara groundnuts suggests that this underutilized legume could be an alternative source of protein in local dishes especially in rural and peri-urban areas where child malnutrition is highly prevalent. According to Masiye, Chama, Chitah and Jonsson (2010) , malnutrition is wide spread among children in Zambia and falls disproportionately on rural children. Increased utilization of Bambara groundnut could enhance dietary diversity and help to combat most nutritional disorders given the variety of products that can be prepared from it. Mumbaiwa, Fogliano, Chidewe and Linnemann (2016) reported a number of preparation methods for Bambara groundnuts including cooking with alkaline salts, milling, roasting, fermentation, and malting. Values in the same row for the market classes of Bambara groundnuts with different superscripts were significantly (p < 0.05) different, and n =1.
Proximate Composition of the Seeds
The results on proximate composition of the Bambara seeds are presented in Table 2 . The protein content of the red market class ranged between 16 -21 %, and this was similar to that reported by Brough and Azam-Ali (1992) ; Brough, Taylor and Azam-Ali (1993) ; Purseglove, (1992) , but much higher than that reported by Aremu, Olaleke, Akintayo and Emmanuel (2006) . Contrary to this, the brown market class had a lower protein content of 14.62 % compared to the red, which was also lower than other reported literature. This lower protein value could be attributed to the genotype and possibly the environmental conditions in which they were grown (Salunkhe, Kadon, & Charan, 1985) .
The carbohydrate content of both the red and brown market classes was similar to that reported by Purseglove (1992) in the range of 50 -60 %, but slightly lower than that reported by Aremu, Olaleke, Akintayo and Emmanuel (2006) . However, when compared to Azam-Ali (1992) , the carbohydrate contents of the red and brown market classes were higher. The ash content for both market classes was higher than that reported by Mahala and Mohammed (2010) and this difference could be attributed to differences in soil types (Mesquita, Corrê a, Abreu, & Lima, 2007) . The fat concentrations in the current study were similar to those reported by Purseglove, (1992) ; Ijarotimi and Esho (2009) and were in the range of 4.5 -6.5 %. Means ± standard deviation, n = 3, means in the same row with different superscripts were significantly (p < 0.05) different.
Mineral Composition of the Seeds
The results for various mineral contents of the two market classes of Bambara groundnuts are presented in Table  3 . Potassium was the most abundant mineral in both the red and brown market classes and ranged from 16282 -16670 mg / kg DW. This was followed by phosphorous (3221 -3398 mg / kg DW), magnesium (2024 -2054 mg / kg DW) and calcium (516 -593 mg / kg DW), respectively. Other minerals such as iron, copper and manganese were found in very low quantities, while mercury, lead and arsenic were undetected in both samples. The potassium concentrations were within the range of 15780 -17420 mg / kg DW, reported by Amarteifio, Karikari and Modise (2002) for Bambara groundnut landraces from Botswana. When the other minerals were compared with previous literature, several differences in concentration were observed from those reported by Amarteifio, Tibe and Njogu (2006) ; Amarteifio et al. (2002) ; Kemo (2000) ; Ijarotimi and Esho (2009) . Mineral content of agricultural products varies with geographical location and agricultural practices and therefore, the differences seen in mineral content could possibly be attributed to these factors (Amarteifio et al., 2006) . Information gathered from the local people where sampling of the seeds was done revealed that the Bambara groundnut landraces were normally intercropped with maize and no chemicals or fertilizers are used. Further, most growers in Zambia prefer growing the Bambara groundnuts in sandy loam soil that is well drained. Thus, the differences in agricultural practices that are seen from one growing region of Africa to another could possibly be one of the key factors affecting mineral content of Bambara nuts and other crops in general.
The ratios of sodium to potassium (Na/K) and calcium to phosphorous (Ca/P) were also computed and are presented in Table 3 . The Na/K ratio was 0.0015 for the red market class and 0.0023 for the brown market class, whereas the Ca/P ratio was 0.15 for the red market class and 0.18 for the brown market class of Bambara groundnuts respectively. According to the report by Aremu, Olaleke, Akintayo and Emmanuel (2006) , the Na/K ratio in the body is of great significance for the prevention of high blood pressure and it is recommended to be less than one. The findings on the Na/K ratio in the current study suggest that both the red and the brown market classes of Bambara groundnuts would fit in the category of foods for high blood pressure prevention, given that both their Na/K ratios are less than one. The Ca/p ratios for both the red and brown market classes of Bambara groundnuts were lower than what was previously reported by Aremu, Olaleke, Akintayo and Emmanuel (2006) , but suffice to say that the two legumes would still serve as alternative sources of calcium and phosphorous for the body. Table 4 summarizes the physicochemical properties of the red and brown Bambara groundnuts. There were no significant differences (p > 0.05) observed in the swelling capacity, swelling index, hydration capacity, and hydration index of the two market classes. Previous studies by Tazazu and Emire (2010) ; Bishnoi and Khetarpaul (1993) reported an inverse relationship between these parameters and the cooking time. Lower values for these parameters suggest longer cooking time. Hence, the red and brown Bambara groundnuts would most likely have comparable cooking times. The brown Bambara groundnut market class had a higher 100 seed mass compared to the red and the difference between the two was significant (p < 0.05). This suggests that in terms of yield and marketed weight, the brown market class would be a better choice. Table 4 . Physicochemical properties of the seeds
Physicochemical Properties of the Seeds
Property
Market classes of Bambara groundnuts Red Brown 100 seed mass (g / 100 seeds) 72.922 ± 2.969 a 88.812 ± 1.979 b Hydration capacity (g / seed) 0.173 ± 0.014 a 0.176 ± 0.006 a Hydration index 0.125 ± 0.004 a 0.120 ± 0.008 a Swelling capacity (ml / seed) 0.180 ± 0.036 a 0.184 ± 0.031 a Swelling index 0.120 ± 0.005 a 0.122 ± 0.002 a Means ± standard deviation, n = 3, means in the same row with different superscripts were significantly (p<0.05) different.
Conclusion
The study has shown that Bambara groundnuts have considerable amino acid, macronutrients and mineral profiles that could be exploited for use in local dishes especially in rural areas of developing countries where child malnutrition is highly prevalent. The hydration and swelling behaviours for the two market classes are similar, suggesting comparable cooking times. The brown is of higher quality than the red with regards to seed mass.
